INTRODUCTION
Cloud forests worldwide are notable for the high levels of endemism of both plants and animals (Gentry, 1992; Hamilton, Juvik & Scatena, 1995) . While the species richness of many groups is lower in the cloud forest than in lowland rainforests, the patchy spatial distribution of this vegetation type results in many species that are narrowly endemic at the regional or local level. Cloud forests vegetation depends on high levels of fog water (Stadtmüller, 1987; Bruijnzeel, 2001) , restricting it to limited areas where elevation and climatic characteristics are appropriate for cloud formation. In Mesoamerica, cloud forests have an archipelago-like distribution (Myers, 1969; Luna-Vega et al., 1999) , with intervening areas of lowland habitat. Phylogeographic data from the region indicate that the history of natural cloud forest fragmentation has had complex effects on the biota that inhabit it, with vicariant events across a single barrier occurring at different times (Ornelas et al., 2013) . Long-term isolation in cloud forests has led to high levels of genetic diversity within species as a result of divergence between populations in different cloud forest blocks (Daza, Castoe & Parkinson, 2010; Ornelas, Ruiz-Sánchez & Sosa, 2010; Jadin et al., 2012) .
Few groups exemplify the pattern of high cloud forest endemism more than the neotropical salamanders of the family Plethodontidae, which have diversified to include a large number of cloud forest specialists (Wake, 1987) . Many of these species have adapted to live in cloud forest environments by specializing in the use of either arboreal bromeliads or moss mats. These environments provide moist, thermally buffered refugia (Feder, 1982) , which are especially important during the dry season. The close association between these arboreal salamanders and cloud forest vegetation makes them an interesting system in which to study the impact of cloud forest fragmentation on species divergence.
Plethodontid salamander species have a relatively long history in the Neotropics (Wake & Lynch, 1976) , especially in Nuclear Central America, the region between the Isthmus of Tehuantepec in southeastern Mexico and the Nicaragua Depression (Schuchert, 1935) . Nuclear Central America contains multiple endemic genera, several of which are restricted to cloud forest environments, indicating the importance of the region in Neotropical plethodontid diversification. Salamanders adapted to arboreal life in the cloud forest come in various forms. Some are relatively large and longlimbed with nearly unwebbed digits (Nyctanolis, Ixalotriton, a few Pseudoeurycea). Others are medium sized to small with moderately to fully webbed digits (Bolitoglossa). Finally, many species are small to diminutive, and slender with slightly webbed to syndactylous digits and long, prehensile tails. This third group includes a few species of Thorius and a large number of species generally similar in appearance that were once contained within the genus Chiropterotriton. This genus formerly ranged from northern Mexico to Costa Rica, but was subsequently divided into multiple genera (Wake & Elias, 1983; García-París & Wake, 2000) , and phylogenetic analyses of these small arboreal salamanders showed that they do not form a monophyletic group (García-París & Wake, 2000; Wiens et al., 2007) . Chiropterotriton, as currently recognized, occurs exclusively to the west of the Isthmus of Tehuantepec and is not closely related to species it formerly contained that are now allocated to other genera (Cryptotriton, Dendrotriton, and Nototriton) . Molecular studies using both allozymes (Good & Wake, 1993; Darda, 1994; Vásquez-Almazán et al., 2009) and DNA sequence data (García-París & Wake, 2000; Parra-Olea, 2003; Townsend et al., 2011; Rovito et al., 2012) have shed light on relationships within and between genera and supported the recognition of many new species.
While studies of most of these genera have included nearly complete taxonomic sampling, Cryptotriton has been underrepresented because few specimens and tissues are available in museum collections for most species. The phylogeny of García-París & Wake (2000) included only three species of Cryptotriton, one of which was undescribed at the time, and a recent phylogeny (McCranie & Rovito, 2014) included only mitochondrial DNA. McCranie & Rovito (2014) did not recover strong support for interspecific relationships within Cryptotriton, and suggested that either more loci or the inclusion of additional, unsampled populations might help to resolve the phylogeny. Phylogenetic analysis of a similar cloud forest-restricted clade, Dendrotriton, showed that species formed primarily in allopatry in geologically ancient areas of Nuclear Central America, illustrating the importance of the ancient highlands of the region in generating species diversity . Here, we estimate a phylogeny for Cryptotriton based on portions of two mitochondrial and four nuclear genes. We use our phylogenetic hypothesis together with a coalescent species delimitation method and morphological data to test the hypothesis that our sample includes additional, undescribed species, and use our phylogeny and updated taxonomy to investigate the biogeographic history of Cryptotriton in Nuclear Central America.
METHODS

STUDY SYSTEM
Cryptotriton currently includes six species (AmphibiaWeb, 2014) , all of which are found in the mountains of Nuclear Central America. Cryptotriton alvarezdeltoroi (Papenfuss and Wake, 1987) is known from three sites in northern Chiapas. Cryptotriton sierraminensis Vásquez-Almazán, Rovito, Good, and Wake, 2009 and C. veraepacis (Lynch & Wake, 1978) are found in the mountains of the Motagua-Polochic fault zone of eastern Guatemala. Cryptotriton monzoni (Campbell & Smith, 1998 ) is found in a small area of eastern Guatemala south of the Motagua fault. Cryptotriton nasalis (Dunn, 1924) and Cryptotriton necopinus McCranie and Rovito, 2014 are both found in the mountains of Honduras. All species of Cryptotriton are restricted to the cloud forest and all but C. alvarezdeltoroi have been found in arboreal bromeliads. Cryptotriton monzoni was first collected in a bromeliad (Campbell & Smith, 1998 ) but all recently collected specimens were found climbing on tree trunks (S. M. Rovito & C. R. Vásquez-Almazán, pers. obs.). All species have restricted ranges (Fig. 1) , and no species is known from more than three localities. Two other species were formerly assigned to Cryptotriton: Cryptotriton adelos (Papenfuss and Wake, 1987) , the only species of Cryptotriton found west of the Isthmus of Tehuantepec, was transferred to the genus Thorius by Wake et al. (2012) on the basis of osteological and molecular evidence, and Cryptotriton wakei (Campbell & Smith, 1998) was synonymized with C. nasalis on morphological grounds (McCranie & Rovito, 2014) .
DNA SEQUENCING
We collected specimens of all named species of Cryptotriton during multiple trips to Guatemala, Mexico, and Honduras from 2006-2013. Voucher specimens were fixed in 10% buffered formalin and stored in 70% ethanol. Liver or tail-tip tissue samples were collected in the field and either flash-frozen in liquid nitrogen or preserved in RNAlater tissue buffer or 95% ethanol. Genomic DNA was extracted using a guanidine thiocyanate extraction protocol. We also extracted DNA from species of Bradytriton, Dendrotriton, Nototriton, Nyctanolis, and Oedipina as outgroups. Voucher information for samples used in phylogenetic analyses is given in Table S1 . We sequenced fragments of two mitochondrial genes: the large subunit ribosomal RNA gene (16S) and cytochrome b (cytb).
We also sequenced fragments of four nuclear genes: brain-derived neurotrophic factor (BDNF), proopiomelanocortin (POMC), recombination-activating gene 1 (RAG1), and solute carrier family 8 member 3 (SLC8A3). Primer combinations, PCR conditions, and alignment lengths are given in Table S2 . PCR products were cleaned using 2 μL of 1:5 diluted ExoSAP-IT (USB Corporation, Cleveland, OH), cycle sequenced, purified using Sephadex and run on an ABI-3730 capillary sequencer (Applied Biosystems, Foster City, CA). Sequences were edited using Geneious v5.6.5 (Drummond et al., 2010) ; GenBank accession numbers are given in Table S3 .
PHYLOGENETIC ANALYSIS
We aligned sequences for each gene using MUSCLE v3.8.3 (Edgar, 2004) and trimmed alignments to the point where a majority of individuals had sequence data. We estimated gametic phase for nuclear loci computationally using PHASE 2.1 (Stephens, Smith & Donnelly, 2001 ) and tested for recombination using the DSS test in TOPALi v2.5 (Milne et al., 2009) . No intralocus recombination was detected for any locus. We estimated genetic distance between haplotypes using the General Time Reversible (GTR) model (Tavaré, 1986) in the program PAUP* (Swofford, 2003) . We divided all protein-coding genes into data blocks by codon position and used PartitionFinder v1.0.1 (Lanfear et al., 2012) to test different partition schemes and select substitution models for each partition. We ran PartitionFinder separately for the mitochondrial and nuclear genes because of ploidy differences, using the greedy algorithm and the Bayesian Information Criterion (BIC) to choose between partitioning schemes. For the mtDNA, the following partitioning scheme and substitution models were selected: 16S + cytb codon position 1 -GTR+G; cytb position 2 -HKY+I; cytb position 3 -GTR+G. For nuclear data, the partitioning scheme and models were: BDNF codon position 1 + RAG1 position 2 + SLC8A3 position 2 -F81+G; BDNF position 2 + POMC position 3 + SLC8A3 position 3 -K80+G; BDNF position 3 + POMC positions 1 and 2 + RAG1 position 1 + SLC8A3 position 1 -HKY+G; RAG1 position 3 -K80+G. These partitioning schemes and substitution models were used for all subsequent analyses.
We estimated a mitochondrial gene tree using both maximum likelihood (ML) and Bayesian inference (BI). ML analysis was done using RAxML v7.2 (Stamatakis, 2006) run on the CIPRES portal (Miller, Pfeiffer & Schwartz, 2010) , with a separate GTR+G model for each partition (RAxML does not include less complex models) and 1000 bootstrap replicates. Bayesian phylogenetic inference was done using MrBayes 3.2 (Ronquist et al., 2012) , run for 2 × 10 7 generations, sampled every 1000 generations, with the first 5000 samples discarded as burn-in. We also estimated a phylogeny using a concatenated matrix of the mtDNA and nuclear genotype data using these two programs with the same MCMC run parameters as for the mtDNA analysis, as well as from a matrix of the concatenated nuclear data only. We estimated haplotype networks for nuclear loci using TCS v. 1.2 (Clement, Posada & Crandall, 2000) , with a probability threshold of 0.90.
We used *BEAST v1.7.4 (Heled & Drummond, 2010) to estimate a species tree with nuclear loci only; analyses with mtDNA and nuclear loci failed to converge, perhaps because of differences between the topology of the mtDNA gene tree and concatenated phylogeny (see Results). *BEAST coestimates gene and species trees under a multispecies coalescent model, and requires a priori assignment of individuals to species. Based on similarity in mtDNA sequence and external morphology, several individuals from the Sierra de Xucaneb, Alta Verapaz that could not be reliably classified to named species were included as a separate species, and a single individual of uncertain species identification (from Bethel, Alta Verapaz; Fig. 1 ) was included as its own species to allow subsequent analyses of the distinctiveness of these taxa with coalescent species delimitation methods. Among-branch rate variation was modelled using a relaxed lognormal clock for each partition, and we used a Yule tree prior for the species tree. We ran two separate analyses of 2 × 10 8 generations each, sampled every 10 000 generations, and the first 5000 samples were discarded as burnin; the two runs were combined using LogCombiner (Drummond & Rambaut, 2007) to estimate a consensus tree. We assessed convergence by examining the posterior probability trace in Tracer v1.5, and checked that all effective sample size values for parameters were > 200.
SPECIES DELIMITATION
Although all described species of Cryptotriton are distinguishable based on external morphology, and many have osteological differences, these differences are often small and difficult to distinguish without statistical analysis. This has made species delimitation a particular challenge for the group; in other genera of smallbodied tropical salamanders, molecular data have proven key to first identifying lineages that serve as the units for subsequent morphological comparison (Hanken, 1983; Darda, 1994) . In cases where differences in external morphology and osteology between lineages identified using molecular data are small, and levels of genetic divergence between lineages are near the level expected seen between different species in the same group, coalescent species delimitation methods (Yang & Rannala, 2010) provide an additional tool that can be used for taxonomy.
We used the program BPP 2.2 (Rannala & Yang, 2013 ) to test the hypothesis that one or both of the groups of populations from Alta Verapaz (from the Sierra de Xucaneb and Bethel) represent distinct, undescribed species. BPP uses a reversible jump Markov Chain Monte Carlo (rjMCMC) algorithm to move between states where sister species are combined into a single species, or a single species is split into two sister species. This algorithm requires a guide tree, and the choice of guide tree can have a major impact on results because it controls which combinations of species can be merged into a single species at any point in the analysis. We used the species tree estimated from *BEAST analysis of nuclear loci, which placed both of these taxa in a group with Cryptotriton veraepacis, with the single individual from Bethel, Alta Verapaz as the sister taxon to C. veraepacis. This individual from Bethel is more similar in ventral coloration to the other, more eastern Alta Verapaz populations than it is to C. veraepacis (see Results), so we also used an alternative guide tree matching the *BEAST topology except with the two lineages from Alta Verapaz as sister taxa. For each tree, we used species delimitation algorithm 1 (Yang & Rannala, 2010) to test three combinations of prior distributions. Both population size (θ) and root divergence time (τ 0) are modelled using a gamma distribution, G(α, β), with the α and β parameters set by the user. Following Leaché & Fujita, (2010) , we tested parameter combinations representing: deep divergence time and large ancestral population size (θ∼G(1, 10); τ0∼G(1, 10)), shallow divergence time and small ancestral population size (θ∼G(2, 2000); τ0∼G(2, 2000)), and shallow divergence time with large ancestral population size (θ∼G(2, 2000); τ0∼G(1, 10)). Each analysis was run for 500 000 generations, sampled every five generations, with the first 50 000 generations discarded as burn-in. All analyses used a starting tree with all taxa merged into a single species. Each set of prior combinations, loci (all vs. nuclear only), and guide tree was run with either a species model prior of uniform labelled histories or with a userdefined set of prior probabilities on splits. In the latter case, we set the prior probability of all splits except those between C. veraepacis, the eastern Alta Verapaz populations, and the Bethel population, as well as the split between C. nasalis and C. necopinus, to 1.0, with the prior probability of these remaining splits set to 0.5. This approach was used to account for the fact that named species of Cryptotriton are clearly distinct species based on both morphological and phylogenetic grounds; we tested C. nasalis and C. necopinus because C. necopinus is known only from a single specimen and is somewhat morphologically similar to C. nasalis. The analyses with user-defined prior probabilities of splits used a starting tree with C. nasalis and C. necopinus merged into one species, and C. veraepacis and all populations from Alta Verapaz merged into a single species.
BIOGEOGRAPHIC ANALYSES
We used the program LAGRANGE 2.0 (Ree & Smith, 2008a) to estimate the pattern of range evolution and ancestral distribution of Cryptotriton. LAGRANGE implements a Dispersal-Extinction-Cladogenesis (DEC) model in a ML framework, in which taxa are distributed in discrete areas. Along branches, a species can either disperse to a new area, go extinct in an area it inhabits, or experience a cladogenesis event. In the DEC model, when cladogenesis occurs, one daughter species inherits a single area from the range of the parental species, and the other daughter species inherits either the remainder or entirety of the parental species' range (Ree et al., 2005; Ree & Smith, 2008b) . We divided the study region into three areas: (1) the highlands of the Maya block, from the Sierra de Santa Cruz and Sierra de Xucaneb, Guatemala northwest into Chiapas, (2) the Motagua fault zone and Guatemalan Volcanic Cordillera, between the Chortís and Maya highlands, and (3) the Chortís highlands, extending from the Motagua fault east (Fig. 1) (Marshall, 2007) . The Motagua fault zone includes the Sierra de las Minas, Sierra de Chuacús, and other highland areas at the intersection of the Chortís and Maya blocks, north of the Motagua Valley and south of the Polochíc Valley. We modelled range evolution on the *BEAST species tree and allowed a maximum range size of two areas. One of our outgroup taxa (Nyctanolis pernix) is found in both the Maya highlands and the Motagua fault zone, while none of the other species in our study is found in more than one of these areas. We allowed species to have only contiguous ranges, excluding a range composed of the Chortís and Maya highlands; no species of salamander is found in these two areas and not in the intervening Motagua fault zone.
MORPHOLOGICAL ANALYSES
We took the following 13 measurements from preserved museum specimens of Cryptotriton (Appendix) using either Vernier calipers or an ocular micrometer: distance from tip of snout to posterior angle of vent (SVL), tail length (TL), axilla-groin distance (AX), distance from tip of snout to gular fold (head length, SG), head width at widest point (HW), forelimb length (FLL), hind limb length (HLL), right foot width (RFW), length of longest (third) toe (T3), length of fifth toe (T5), distance between external nares (IN), external nostril length along major axis (NL), and external nostril width along minor axis (NW). We counted ankylosed maxillary and premaxillary teeth (PMT) and vomerine teeth (VT), with counts summed for the right and left sides. We summed counts of maxillary and premaxillary teeth and compared the total number of teeth on the upper jaw (MT). We calculated the ratio of nostril width to nostril length (ratio of nostril dimensions, ND) as an index of nostril shape. We used the colour nomenclature and numbers of Köhler (2012) to describe the colour of specimens of Cryptotriton.
We had relatively few specimens of several species of Cryptotriton, due to the difficulty of finding these secretive organisms in the wild. We used a t-test with the two species for which we had large relatively series of both males and females, C. sierraminensis and C. veraepacis, to determine whether sexual dimorphism exists within species for the morphological characters we measured. The sex of each specimen was determined by examination of cloacal morphology. Only the number of premaxillary teeth differed significantly between sexes for both species after applying a Bonferroni correction for multiple comparisons (per comparison α = 0.0014 for an overall α of 0.05). Due to the lack of significant sexual dimorphism in the measured characters for these two species, we combined data for males and females for all subsequent morphological comparisons.
RESULTS
The mitochondrial gene tree estimated using both ML and Bayesian inference shows almost no support for relationships between species of Cryptotriton. The monophyly of Cryptotriton is strongly supported (Fig. 2) , and Cryptotriton alvarezdeltoroi is estimated to be the sister taxon of a clade containing all other species of Cryptotriton, but with low support (bootstrap support [BS] = 28, Posterior Probability [PP] = 0.86). The single sample from Bethel is strongly supported as the sister taxon of C. veraepacis, and the three other samples from the Sierra de Xucaneb, Alta Verapaz are strongly supported as a clade. The average pairwise GTR distance between sequences from the two sites in the Sierra de Xucaneb is moderate (16S: 0.018, cytb: 0.033), while the average pairwise GTR distance between the Sierra de Xucaneb samples and C. veraepacis is larger (16S: 0.053, cytb: 0.14). All other relationships are either unresolved or poorly supported. The sister taxon of Cryptotriton is not well supported in either tree. Analysis of all loci concatenated into a single data matrix also resolved C. monzoni as the sister taxon of a clade containing all remaining species of Cryptotriton (Fig. S1 ). Within this clade, C. nasalis and C. necopinus were strongly supported as sister taxa, and C. sierraminensis was estimated to be the sister taxon of these two species. All other interspecific relationships were unresolved. The three samples from the Sierra de Xucaneb, Alta Verapaz formed a clade, as did C. veraepacis and the sample from Bethel. Cryptotriton was estimated to be the sister taxon of a clade containing Bradytriton, Nototriton, Nyctanolis, and Oedipina, but with weak support (BS = 23, PP = 0.91). In the concatenated nuclear results (Fig. S2) , C. monzoni was again the sister species of a clade containing all other Cryptotriton. Relationships between C. nasalis, C. necopinus, and C. sierraminensis matched those in the tree from all loci concatenated, and C. alvarezdeltoroi received some support as the sister taxon of this clade (BS = 71, PP = 0.90). Samples from Alta Verapaz and C. veraepacis formed a clade, with relationships within this clade unresolved. Cryptotriton was again estimated to be the sister taxon of the clade containing all Central American endemic genera except Dendrotriton, with higher support than in analysis of all loci (BS = 0.58, PP = 0.91).
The *BEAST results from the nuclear loci provide little additional support for relationships between species compared to the mtDNA gene tree. Cryptotriton monzoni is estimated to be the sister taxon of a clade containing all remaining species of Cryptotriton, and C. nasalis and C. necopinus are strongly supported as sister species (Fig. 3 ). There is a strongly supported clade containing C. veraepacis, the populations from the Sierra de Xucaneb, Alta Verapaz, and the Bethel, Alta Verapaz population; within this clade, C. veraepacis and the Bethel population are weekly supported as sister taxa. Nuclear haplotype networks show a fairly high degree of divergence between species (Fig. 4) . Different species share haplotypes for only one locus, POMC; a single haplotype is shared between C. veraepacis and the species from Finca Volcán (green and cyan, respectively, in Fig. 4) , and the latter shares one haplotype with the species from Bethel (cyan and blue, respectively, in Fig. 4) . In all networks, C. monzoni is widely separated from haplotypes of all other species (by 6-16 mutational steps). Haplotypes from the Bethel individual are either most closely connected to haplotypes from the Sierra de Xucaneb, Alta Verapaz (BDNF, POMC, RAG1) or Cryptotriton veraepacis (SLC8A3).
Results of species delimitation using BPP with equal prior probability for labelled histories supported the most partitioned species tree in all cases, regardless of combinations of prior values or the guide tree used in the analysis. Using the *BEAST guide tree, Cryptotriton from the Sierra de Xucaneb, Alta Verapaz and Bethel were both supported as distinct species with PP > 0.99. Using the alternate guide tree in which these two populations as sister taxa, they were both supported as distinct species in all cases with PP > 0.97. When the user-defined prior probabilities of all splits were used, the results still strongly supported the most split species tree possible with PP > 0.97, regardless of the guide tree, prior combinations, or dataset used.
The LAGRANGE results (Fig. 5) estimated the ancestor of all extant species of Cryptotriton to have most likely occurred in the Chortís highlands and Motagua fault zone (relative probability = 0.73), or less probably in only the Chortís highlands (prob. = 0.24). The initial divergence event within the genus was estimated to have most likely occurred between the Chortís highlands and the Motagua fault zone plus Chortís highlands (relative probability = 0.57) or within the Chortís highlands (prob. = 0.24), with three scenarios involving both the Chortís highlands and Motagua fault zone being less probable. The ancestor of the remaining species of Cryptotriton excluding C. monzoni was estimated to have occurred in both the Chortís highlands and Motagua fault zone. The divergence between daughter lineages from this node was between the Chortís highlands and either the Motagua fault zone (prob. = 0.89) or the Chortís highlands and Motagua fault zone (prob. = 0.06), with the ancestor of C. nasalis and C. necopinus inheriting the Chortis highlands portion of the range (or, with low probability, the Chortís highlands and Motagua fault zone), and the remaining Guatemalan/Mexican species inheriting a range consisting of the Motagua fault zone. After the divergence between C. sierraminensis and the Alta/Baja Verapaz species plus C. alvarezdeltoroi, C. sierraminensis inherited a range of only the Motagua fault zone with the remaining species inheriting either a range of only 0.07 the Motagua fault zone (prob = 0.74), Maya highlands (prob. = 0.13) or the both of these areas (prob. = 0.10). The divergence between C. alvarezdeltoroi and the three taxa from Alta and Baja Verapaz, Guatemala occurred either between the Maya highlands and the Maya highlands plus Motagua fault zone (prob. = 0.71), within the Maya highlands (prob. = 0.15), or less probably between these two areas or within the Motagua fault zone. Finally, the divergence between C. veraepacis and the Bethel population most likely occurred between the Maya highlands and the Maya highlands plus Motagua fault zone (prob. = 0.87), or within the Maya highlands (prob. = 0.10). All species of Cryptotriton resemble each other closely in external morphology, but we found some differences between the populations from the Sierra de Xucaneb, Alta Verapaz and described species in characters including tail length, foot width, and nostril size (Table 1) . Based on differences in external morphology, osteology, and mtDNA sequence, as well as on the results of the coalescent species delimitation, we find that the populations from eastern Alta Verapaz formerly referred to Cryptotriton veraepacis represent a distinct species of Cryptotriton. 
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Cryptotriton alvarezdeltoroi
Cryptotriton monzoni Cryptotriton nasalis
Cryptotriton necopinus
SLC8A3
Cryptotriton sierraminensis
Cryptotriton veraepacis Cryptotriton xucaneborum
Cryptotriton sp. Bethel Diagnosis. -Distinguished by its very dark grey ventral coloration from Cryptotriton sierraminensis (yellow) and C. veraepacis (lighter grey); gular coloration darker than in C. veraepacis, with no yellow (some yellow in C. sierraminensis) (Vásquez-Almazán et al., 2009) . Distinguished from C. veraepacis and C. sierraminensis by lack of a tibial spur, and from C. sierraminensis by having prefrontal pierced by nasolacrimal duct, rather than evacuated along anterior margin and by the lack of a postorbital vomerine process (Vásquez-Almazán et al., 2009) . Distinguished from C. necopinus by having prefrontal processes of the premaxillary that arise fused and separate distally, rather than arising separately (McCranie & Rovito, 2014) , and by having a longer tail, more rounded nostrils, a wider foot, and fewer maxillary and vomerine teeth (Table 1) . Distinguished from C. nasalis by having a prefrontal bone pierced by the nasolacrimal duct, rather than evacuated along the anterior margin (Lynch & Wake, 1978) and smaller nostrils (Table 1) . Distinguished from C. alvarezdeltoroi by its larger size and smaller nostrils (Table 1) .
RAG1
Description of holotype. -A relatively small adult male (SVL = 25.7 mm). Head moderately sized, approximately same width as body, snout truncate. Eyes extend slightly beyond margin of jaw. Paratoid glands large, relatively well defined. Nostrils large (maximum nostril diameter = 0.6 mm). Well developed hands and feet with little webbing between digits; tips of digits rounded. Limbs relatively long; adpressed limbs separated by approximately two costal folds. Tail longer than body (37.4 mm), approximately rounded in crosssection, constricted at base, gradually tapering to a point. Nasolabial protuberances well developed and wide but not long, extend slightly beyond margin of lip. Large, elliptical mental hedonic gland present. Maxillary teeth (38) small and relatively numerous; premaxillary teeth (3) large, pierce upper lip. Relatively few vomerine teeth (8), arranged in line extending to internal margin of choanae.
Measurements of the holotype (in mm) and tooth counts. -Head width 3.6; snout to gular fold (head length) 5.0; head depth at posterior angle of jaw 2.2; eyelid length 1.8; eyelid width 0.7; anterior rim of orbit to snout 0.9; horizontal orbit diameter 2.2; interorbital distance 1.3; snout to forelimb 7.7; distance separating external nares 0.8; snout projection beyond mandible 0.7; snout to posterior angle of vent (SVL) 25.7; snout to anterior angle of vent 33.7; axilla to groin 13.0; tail length 37.4; tail width at base 1.8; tail depth at base 2. Variation -The male paratype is roughly the same size as the holotype (24.9 mm), while the three female paratypes are slightly larger, reaching a maximum of 32 mm. There is some variation in maxillary teeth in the type series, with the largest female having only 37 maxillary-premaxillary teeth, while another female has a total of 57 maxillary-premaxillary teeth. Similar variation is seen in the vomerine tooth counts; the largest female has only six vomerine teeth, while the smallest male has the most vomerine teeth (13). The female paratypes have nasolabial protuberances that are only very slightly developed and visible only as a slight swelling in the labial margin.
Osteology. -We examined X-rays of the holotype and a paratype (MVZ 269516). Prefrontal bones appear to be pierced by a nasolacrimal duct, as in C. veraepacis and the single known specimen of C. necopinus (Lynch & Wake, 1978; McCranie & Rovito, 2014) . Frontal processes of premaxillary bone arise fused and separate distally. Vomer lacks a postorbital process. Tibial spur absent. As in other species of Cryptotriton, septomaxillary absent and mesopodials unmineralized. Phalangeal formula for manus is 1-2-3-2 and 1-2-3-3-2 for pes, identical to that of other species in the genus Cryptotriton.
Habitat and distribution. -Known only from two localities separated by 22 km in the Sierra de Xucaneb, Alta Verapaz, Guatemala. The species may occur at a few other points of relatively high elevation in the Sierra de Xucaneb, but extensive deforestation in most areas has eliminated what may have once been suitable habitat for the species. The holotype was found in an arboreal bromeliad, while the four paratypes from Chelemhá were found active at night on vegetation 1-2 m above the ground. The forest at Finca Volcán represents a transition from lower elevation forest to cloud forest, with relatively few bromeliads and other epiphyte growth, and is classified as subtropical rainforest (Holdridge, 1967) , while habitat at Chelemhá is lower montane rain forest (Holdridge, 1967) with typical cloud forest vegetation and extensive epiphyte cover. The only syntopic species of salamander known to occur with Cryptotriton xucaneborum is Bolitoglossa helmrichi, which occurs at both known sites.
DISCUSSION
Our phylogenetic results, regardless of the method used, provide little support for the relationships between species of Cryptotriton. The mtDNA gene tree essentially shows a basal polytomy between all species. The *BEAST species tree is somewhat better supported, with C. monzoni clearly supported as the sister taxon to all other species in the genus. Cryptotriton nasalis and C. necopinus are also strongly supported as sister species and a clade of C. veraepacis, C. xucaneborum, and the Bethel population is well supported. Our results show that many of the internal branches within Cryptotriton are short, making the phylogeny of the group, and particularly the branching order towards the base of the Cryptotriton clade, difficult to estimate with confidence.
The placement of C. monzoni as the sister taxon of all remaining Cryptotriton in the *BEAST species tree (Fig. 3) and analyses of concatenated data (all loci or nuclear only; Figs S1-S2), along with the separation of C. monzoni from all other species in the nuclear haplotype networks for all loci (Fig. 4) is unexpected, as there appears to be no strong geographic barrier separating it from the other species distributed on the Chortís geological block (C. nasalis and C. necopinus). The ranges of C. monzoni and C. nasalis are both within the Sierra del Merendón, although the Sierra is composed of somewhat isolated mountain ranges separated by lower elevation areas. Of the species found near to or in sympatry with C. nasalis, only Bolitoglossa diaphora and Oedipina tomasi are not found near the type locality of C. monzoni. The other salamander species found in sympatry with C. monzoni (B. conanti, B. dofleini, B. mexicana, and B. nympha) are found in sympatry with or near localities of C. nasalis. Some of these species (B. dofleini, B. mexicana, B. nympha) are found at lower elevations and might be more able to disperse across low-elevation barriers between mountains, and B. conanti is larger than any Cryptotriton, suggesting greater capacity for dispersal. Still, the similarity in the salamander fauna of the sites where C. monzoni and C. nasalis are found indicates some historical connectivity between the two sites, making the small ranges and isolation of Cryptotriton at each site the exception among salamanders in the area. Cryptotriton species appear to be more strictly limited to cloud forest than these Bolitoglossa species, and may be more susceptible to range fragmentation because of this habitat specificity.
The LAGRANGE results suggest that ancestor of all extant species of Cryptotriton occurred in the Chortís highlands, and most likely across the Motagua fault in Guatemala as well. The first two divergences in the phylogeny involve these two areas, showing their initial importance in the biogeographic history of the genus. The clade containing the non-Chortís highland species (C. alvarezdeltoroi, C. sierraminensis, C. veraepacis, C. xucaneborum, and the Bethel population) was estimated to have been distributed initially in the Motagua fault zone, with a dispersal even to the Maya block most likely occurring after the divergence of C. sierraminensis from the other species. The Maya highlands only become important in the biogeographic evolution of the group after the divergence of C. sierraminensis, and the Motagua fault zone was also estimated as part of the range of most nodes that included the Maya highlands in their estimated range. Taken together, these results show that the primary foci of divergence within this genus of salamanders were the Chortís highlands and Motagua fault zone, with a subsequent dispersal to the Maya highlands. While these biogeographic results depend on the underlying phylogeny used (in this case, the *BEAST species tree), the initial split within Cryptotriton between C. monzoni and the rest of the species in the genus is supported by multiple analyses. Given that initial split should have a strong impact on the biogeographic reconstruction of the origin of the genus (as one branch leads to a single species found only in one of the geographic areas used in the model), our inferences about the geographic origins of the genus should be robust to the choice of phylogenetic tree we used.
These biogeographic results stand in contrast to those from another arboreal salamander genus, Dendrotriton. The two genera are morphologically and ecologically similar, and were both contained within the same genus until Dendrotriton was recognized primarily based on differences in osteology (Wake & Elias, 1983) . Both Dendrotriton and Cryptotriton primarily inhabit arboreal bromeliads in cloud forest habitat, and have the long tails and slender bodies typical of arboreal salamander species. Dendrotriton achieves highest species diversity in the Maya highlands, with only a single species found in the Guatemalan Volcanic Cordillera and another species found on the isolated Montaña de Santa Bárbara in the Chortís highlands. Biogeographic analyses with LAGRANGE indicated that Dendrotriton most likely arose in the Sierra Madre de Chiapas and/or the Sierra de los Cuchumatanes, both part of the Maya highlands, and subsequently dispersed to the Chortís highlands . Even though three species of Cryptotriton are found in the Maya highlands, two of these are from Alta Verapaz and are very close to the Motagua fault zone; no Cryptotriton is known from the Sierra de los Cuchumatanes or the Sierra Madre de Chiapas. Only C. alvarezdeltoroi is found in the core of the Maya highlands. The contrasting biogeographic histories of these morphologically and ecologically similar genera, coupled with the fact that they are not known to occur in sympatry, suggests that they may have each diversified in a different portion of the highlands of Nuclear Central America, with subsequent diversification in the remaining highlands limited by the presence of the other genus.
The single specimen from Bethel, an isolated cloud forest patch north of San Pedro Carchá, Alta Verapaz, resembles both Cryptotriton veraepacis and C. xucaneborum in external morphology. It shares the darker ventral coloration with C. xucaneborum, yet differs from the few available specimens of that species by having more oblong nostrils (rather than nearly round), and in having a longer tail and shorter trunk relative to its body size. The Bethel specimen has a 16S sequence that is very similar to that of C. veraepacis (GTR distance = 0.008) and a cytb sequence that is also somewhat similar to that of C. veraepacis (GTR distance = 0.033), yet shares a haplotype with C. xucaneborum for POMC and has distinct haplotypes not shared with other species for the remaining three loci. The BPP analyses under all prior combinations and both guide trees suggest that it may warrant description as a distinct species. Alternatively, it may be assignable to either C. veraepacis or C. xucaneborum. If assignable to C. veraepacis, retention of ancestral polymorphism could be responsible for the sharing of nuclear haplotypes with C. xucaneborum. If the Bethel population is in fact assignable to C. xucaneborum, gene flow with C. veraepacis and mitochondrial capture could be responsible for the relatively small mtDNA distance between it and C. veraepacis. Additional species from Bethel will be necessary to examine morphological variation within this population and determine its taxonomic assignment.
The presence of another undescribed species of Cryptotriton in eastern Guatemala would not be surprising; all known species in the genus have small geographic ranges (Fig. 1) . The complex topography of the region and the salamanders' reliance on cloud forest habitat may have caused multiple bouts of fragmentation or isolation in the past, promoting species divergence. Natural vicariance of montane forest habitat has driven divergence between populations and led to population structure within multiple species (García-París et al., 2000; Ruiz-Sanchez & Ornelas, 2014) , and over longer timescales this could lead to species divergence. Cryptotriton and Dendrotriton are perhaps the most highly and obligatorily arboreal of all tropical salamander genera, with the exception of D. cuchumatanus, which occurs in high elevation oak forest with few or no bromeliads. All species of both genera are essentially microendemic, known from only a single site or several sites separated by only a few kilometres. The species with the largest range, C. alvarezdeltoroi, is known from few specimens and the single specimen that is somewhat distant from the type locality has not been examined genetically because of a lack of a tissue sample; thus, its taxonomic identification could be considered as tentative. This microendemism and rarity in collections can be a taxonomic hindrance, but also makes both of these genera excellent systems in which to study the impact of cloud forest distributional dynamics on diversification of animals. The discovery of additional populations of Cryptotriton in Nuclear Central America seems almost inevitable based on the rate of salamander species discovery in the region (Vásquez-Almazán et al., 2009; Townsend et al., 2010 Townsend et al., , 2011 . Continued discovery and systematic studies of these cloud forest salamanders may help to resolve some parts of the phylogeny of Cryptotriton, and will improve our knowledge of how cloud forest distributions, geological events, and past climatic change have interacted to produce the high biodiversity and endemism observed in many Central American taxa. Figure S1 . Phylogenetic tree from maximum likelihood analysis of all loci concatenated into a single data matrix. Numbers above branches are bootstrap support values from ML analysis, and numbers below branches are posterior probabilities from Bayesian analysis. Bootstraps below 50 and posterior probabilities below 0.5 are not shown. Figure S2 . Phylogenetic tree from maximum likelihood analysis of nuclear loci concatenated into a single data matrix. Numbers above branches are bootstrap support values from ML analysis, and numbers below branches are posterior probabilities from Bayesian analysis. Bootstraps below 50 and posterior probabilities below 0.5 are not shown. Table S1 . Voucher information for samples used in phylogenetic analysis. Institutional abbreviations: MVZ, Museum of Vertebrate Zoology, University of California, Berkeley; USAC, Museo de Historia Natural, Universidad de San Carlos, Guatemala. Table S2 . Primers, PCR conditions, and alignment lengths for gene fragments used in phylogenetic analyses. Table S3 . GenBank numbers for sequences used in phylogenetic analyses.
